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Nano approach to fighting cancer is exploding. Devices based on field-effect
transistors (FETs) are one of emerging fields for sensing technology. Several other
research terms have made similar progress in electrically detecting cancer specific
markers using new types of nanodevices. Lieber and colleagues doped charge-carrying
silicon nanowires with monoclonal antibodies specific for the cancer proteins. When the
proteins linked up with the antibodies, the electrical charges of the proteins changed the
conductance of the silicon wires. This change signaled the presence and concentration of
cancer markers. Hence, the electrical signal transduction plays an important role on EFTs
devices for the direct detection of biological and chemical species. In addition to silicon
nanowires, today nanostructured semiconducting oxides, such as SnO,, ZnO2, and V,0s,
have attracted extensive interest because of their distinctive electronic and/or optical
properties. In particular, individual nanowires or nanotubes have been fabricated recently
on field-effect transistor devices that provide a very promising technology for chemical
and biological sensors. However, the electrical signal transduction for semiconductor
oxides in general take place at high temperature (above at 200 °C), at which temperature
environment will damage biomolecules.

To enhance the room-temperature sensor transduction of chemical/biological binding
evens into electronic/digital signals at room temperature, in the first year project (2006)
we proposed an entirely new ideal to synthesize organic-inorganic hybrid synergistic
semiconductors. We suggested that the redox organic radical molecules may be trapped
into the crystalline oxide to become a new hybrid-semiconductor that is thought to enrich
electronic transport through the surface of the oxides. Such an attractive organic-assisted
semiconductor might lead to versatile system not only for redox catalysis, battery
applications, but also as chemical and biological sensors. To day some exciting data for
VOx fibres are shown as the follows as:

(1) We have successfully synthesized a new hybrid semiconductor fiber material, a
redox bipyridinium system trapped in fibers of vanadium oxide, under
hydrothermal conditions. The as-synthesized oxide fibers are pure, structurally
uniform, and single crystalline on the basis of SEM, HRTEM, and XRD, as
shown in Figure 1. On the analysis of morphologies, it was found that they have
a rectanglelike cross section with typical thickness of 60 to 300 nm,
width-to-thickness ratios of 5 to 10, and lengths of up to a few millimeters.



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED

06 FEB 2008 Final 29-06-2006 to 28-06-2007
4. TITLE AND SUBTITLE 5a CONTRACT NUMBER

Hybrid Semiconductor Nanostructures as Chemical and Biological FA48690610094

Sensors

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Kuan-Jiuh Lin 5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
National Chung Hsing University,250, Kuo-Kung RD,Taichung,Taiwan | REPORT NUMBER

,NA 402 N/A

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
AOARD, UNIT 45002, APO, AP, 96337-5002 AOARD-064077

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Nano approach to fighting cancer isexploding. Devices based on field-effect transistors (FETS) ar e one of
emerging fields for sensing technology. Several other resear ch terms have made similar progressin
electrically detecting cancer specific markersusing new types of nanodevices. Lieber and colleagues doped
charge-carrying silicon nanowires with monaoclonal antibodies specific for the cancer proteins. When the
proteinslinked up with the antibodies, the electrical char ges of the proteins changed the conductance of the
silicon wires. This change signaled the presence and concentration of cancer markers. Hence, the electrical
signal transduction plays an important role on EFTs devicesfor the direct detection of biological and
chemical species. In addition to silicon nanowires, today nanostructured semiconducting oxides, such as
Sn02, Zn02, and V205, have attr acted extensive inter est because of their distinctive electronic and/or
optical properties. In particular, individual nanowires or nanotubes have been fabricated recently on
field-effect transistor devicesthat provide a very promising technology for chemical and biological sensors.
However, the electrical signal transduction for semiconductor oxidesin general take place at high
temperature (above at 200 oC), at which temperature environment will damage biomolecules

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18.NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Same as 4

unclassified unclassified unclassified Report (SAR)




(200)

Intensity (a.u.)

26

Figure 1 Structural characterizations for MV @VOy fibers. (A) Low-resolution SEM
morphology of the as-synthesized MV @VO,. (B) In situ powder X-ray diffraction

patterns for the MV *@VOx fibers with synchrotron radiation, A = 1.32633 A, at
temperature of 303, 423 , and 573 K.

(2) Furthermore, electronic conductivity of single fibre of VOx was conducted by
four probe method shown in Figure 2. It reveals excellent conductivity
(exceeding 3 Scm™) with low thermal activation energy (0.04 eV), indicating
that The role of bipyridinium molecules in fiber oxides enriches the hopping
between V> and V** redial centers and thus promotes the excellent electronic

properties.

-8.0 -
-8.5 <

9.0+

In (TIR)

-9.5 <

-10.0 4

-10.5

1000/T (1/K)
Figure 2 Temperature dependence of individual fiber resistance. In(T/R) versus
reciprocal temperature in the range of 75 — 300 K.

(3) Finally, this finding opens up tremendous possibilities for exploiting the highly
sensitive, real-time electrically based sensor for chemical and biological species
at room temperature, along with the useful conductivity. Our preliminary test
data show that the hybrid fibers have strong interaction with CO molecules at
room temperature, thus increasing the electronic conductivity as linear function
of CO concentration that extrapolated a lower detection limit of about 70 ppm for
CO in air, as shown in Figure 3.



Vanadium oxide fiber sensors work at room temperature
with sensing limitations around 70 ppm.
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Figure 3. CO sensing for fibres of VOx.

Moreover, by using single-wired fabrication technology (see Figure 4), it was found
that the resistance of the organic-radical VOx was gradually increasing upon N2 gas,
but deceasing in O2 gas (as shown in Figure 5). Further work was in progressing to
understand the gas sensing effect.
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Figure 4. Fabrication of a single-wire of organic-contairiing VOX.
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Figure 5. Resistance response of N, and O, gas for a single-wire organic-containing
VO.

Overall, in the first year, we have successfully prepared the organic-contaning VO fibres
whose resistance has significant sensitivity on gas molecules such as CO, N, and O, by
using single-wired fabrication. Further works, in suit IR and Raman spectra were used to
realize the surface interaction between the wires and gas molecules.
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